
UNCLASSIFIED

AD NUMBER

AD469686

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies only; Administrative/Operational
Use; 19 AUG 1965. Other requests shall be
referred to US Coast Guard Testing and
Development Division, Office of
Engineering, Washington, DC 20226.

AUTHORITY

USCG ltr 22 Nov 1974

THIS PAGE IS UNCLASSIFIED



SECURITY
MARKING

The classified or limited status of this report applies

to each page, unless otherwise marked.

Separate page printouts MUST be marked accordingly.

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY
SLAW.

l NOTICE: When government or other drawings, specifications or other r
data are used for any purpose other than in connection with a defi-
nitely related government procurement operation, the U. S. Government
thereby incurs no responsibility, nor any obligation whatsoever; and
the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any rights
or permission to manufacture, use or sell any patented invention that
may in any way be related thereto.



U.S. COAST GUARD

STESTING and

SDEVELOPMENT

EVISION
OFFICE OF ENGINEERING WASHINGTON, D.C.

MW= 3941/o2/o1 DDC
COMltfOSN MMMC'"'1N OF UME -'C

BOY Or W•A,'s

S4EP 17I 9W 5

19 AUG 1965



Best
Available

Copy



.~. -~ tp~-'A

IVIDSAE OS UR
T*SIGADDVLPETDVSO

IRJC RPR
CorsoUrtcio fidrae

CoDainPttein:f~erae

I CD. E. MAL.FE CPARE T,LEJCG

1 .higtn D.___C.__ 20226



SThis report summarizes the results of various test programs of

corrosion protection used on the icebreaker hulls (WAGB). It' I ~discusses the present corrosion rates encountered with no corrosion

protection and presents possible approaches to corrosion protectio/n
! of the class ship.
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1. BACKGROUND:

BID Project J20/2-2 "Co.rrosion Test Underwater Body Steel Ship" was
established in 1952 to determine whether the application of bottom paint
to wind class icebreakers was economically justified. The project was basedI upon the fact that at that time the cost of bottom painting on icebreakers
was running approximately 1l times the cost of bottom painting on other
vessels due to the removal of large amounts of paint incident to icebreaking
and the practice of repainting after each ice season. From the standpoint
of hull corrosion, basic corrosion theory showed the corrosion rate to be
.005 inch per year and would incur no significant loss of hull strenght or
integrity over the life of the hull. Pitting was of more ditect concern

t than overall corrosion and theory indicated that on steel with mill scale
thoroughly removed the ratio of depth of pits to overall corrosion tended
to decrease with time so that the maximum rate of pitting would be on the
order of .015 inches per year over a ten year period. Although painting
tended to decrease the ovqrall corrosion rate, the imperfections of any
paint film tended to acceierate the rate of pitting by limiting the area
and thus increasing the intensity of the corrosion process. It was further
assumed that the need for antifouling paint was negated by the abravise
"action of the ice removing the fouling and the low rate and short season of
fouling growth in the areas of operation and homeports of the icebreakers.

2. EROJECT GUIDELINES:

With the foregoing considerations as background, the project consisted
of a thorough underwater body inspection of the three wind class ice-
breakers and the subsequent omission of bottom paint on the EASTWIND and

/ •WESTWIND. The NCRO WIND was to be the control ship and bottom painting was
continued on her.

3. INITIAL INSPECTION:

a. WESTWIND. Inspection of WBSTWIND during September, October 1952,Sat the Key Highway Yard, Bethlehem Shipbuilding Company, Baltimore, Maryland

disclosed th6 following:

"-(1) General description. Hull was heavily fouled with marine
growth. Approximately 50% of the underwater body below the 20 foot water-

I 3 line covered with barnacles and grass. Much of the remaining area was
lightly fouled or showed signs of barnacles having been recently rubbed off.
Between the 20 and 25 'foot waterline the hull was covered with a thick red
rust. There was an antifouling paint of some type remaining on some of the
bottom; however adhesion was poor and there was a loose scale under most of
it.3 (2) Description of the test areas. i
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a. Location, Frame 27, Stb'd, 216"1 above flat keel was
S- covered with medium sized pits (average depth .035, width .06 to .15").
There were very deep pits along welds where hull plates were welded with
butt seams or where clips had at one time been welded to the plates. (Photo

b. Location, Frame 1101 Port, 10 feet out from center line.
The area contained numerous large pits of fairly uniform size. (Average

I .25" diameter by .06" deep). (Photo #2)

c. Location, Frame 168 Port, 8 feet above flat keel. The
area was very heavily pitted and appeared to be caused by cavitation. The
a.ea was rough and had many shallow pits or indentations 1/2q• wide by 3/4"
long. It also contained many tiny "pinhole" pits. (Photo #3)

3 d. Location, Frame 77 Stb'd, 16 foot waterline. The surface
of the area was very rough and gave the appearance of having been heavily
sandlylasted. There were no smooth spots in the area. (Photo #4)

1 (3) Treatment. Underwater body scraped to remove fouling. Area
in waý of boottopping was sandblasted and given regular paint treatment.

b. BASTIrND. Inspection of BASTWIND during October 1952 at the South
Boston ,i-nex, Boston Naval Shipyard disclosed the following:

1 (1) General description. Approximately 3-5% of the old paint was
still firmly adhering to the hull. It was located in the vicinity of the
keel within 6 to 8 feet on either side. There was red rust between tie 25
and 28 foot waterlines. Yn general below the 25 foot waterline the hull
gave the appearance of having been recently sandblasted except for thel4o-
cation mentioned above. There was no fouling of any kind on the hull.

Nineteen months previously the hull had been given a cbmplete bottom paint
I job and when the hull was inspected 7 months later (12 previous to the above

inspection) only 10 per cent of the bottom paint remained. At that time
only the boottop area was painted.

(2) Description of the Test Area.

a. Location, Frame 281 Stb'd, 2'6" above flat keel. Plating
in general was smooth. There was light pitting throughout the area.
(.06011 diameter by .030" depth) (Photo #5)

b. Location, Frame 104 Port, l0t from center line of keel.
Pitting consisted of a few wide flat pits. Large deep pits were found a-
long butt welds similar to those found on WESTWIND. (.200" diameter by

I .040" depth) (Photo #6)

* 2
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c. Location, Frame 169 Port, 9' above flat keel. There was
paint adhering in this area. Pits appeared to be caused by cavitation.
(1½ x 1" x .040" deep) (Photo #7)

d. Location, Frame 82 Stb'd, 22 foot waterline. Plating
contained a few scattered pinhole pits. (.05"1 diameter x .020" depth)
(Photo #8)

(3) Treatment. Underwater body scraped to remove fouling. Area
in way of boottop sandblasted and painted.

c. NOqitWIND. Inspection of NORTHWIND during May 1953 at Todd's Ship-
yard, Seattle, Washington disclosed the following:

(1) General description. Plating was in good condition. No
fouling was noted. About 10% of the bottom paint from the docking 5 months
earlier was adhering. The paint adhering to the hull was in general lo-
cated aft and below the stern tubes and in the vicinity of the bow tubes.
Most of the hull was covered with a spongy red rust. There were no badly
pitted areas observed. The welds did not show the heavy pitting seen on
the other two ships.

(2) Description of Test Areas.

a. Location, Frame 24 Stb'd, 3 feet above keel. The plating

fairly smooth. Only pitting a line of pits .030" to .080" wide, .010" to
.012" deep about 4?? long. (Photo #9)

"b. Location, Frame 92 Port, 18 feet out from centerline.

Pitting in the area was general with medium size shallow pits .010" to .025"
diameter, .018 to .025" deep. (Photo #10)

c. Location, Frame 171 Port, 10 foot waterline. No pittingor other corrosion in evidence in the area. This was unusual since the
other two ships were heavily corroded in this area. (Photo #11)

d. Location, Frame 88 Stb'd, 18 foot waterline. No pitting
in this area. Surface of the plating was very rough. (Photo #12)

(3) Treatment. Sandblast and complete bottom job.

4. TWELVE MONTH INSPBCTION:

Approximately one year after the initial inspection all three hulls
were inspected. In general, the inspection disclosed no apparent change in
the appearance of the hulls. In the case of the EASTWIND, approximately the
same amount of old paint was still adhering. On NOCrnWIND only 5% of the
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bottom paint was adhering from the May 1.953 docking. Photos 13 through 17
show the areas on BASTrWND after one year without painting. Photos 18through 21 show areas 1, and 4 on NORTHWIND after one year. The Paint

in area 3 was still intact and was not removed for inspection. There
were several areas of very thick rust bloom such as shown in Photo 19. At
the time of the inspection, it was decided that these areas were not due to
a specialized corrosion problem, but simply places that remained wet allow-
ing a heavy bloom of rust to develop. When the bloom was wiped off there
was no excessive or unusual pitting in the area. The NORTHWIND was given
a complete bottom paint job in May 1954; BASTWIND and WBSTWIND were left
unpainted.

5. NAVY ICEBREAKERS:

Prior to the time of the second inspection on EASTWIND, the Navy had
Sbecome interested in the condition of the welds on icebreakers since ATKA

(AGB-l) was experiencing serious undercutting along the butt welds due to
corrosion. It was theorized that the cause was due to the mill scale not
being removed from the hull plating used in the construction of the ship.
Tests had been conducted with samples of weld metal fastened to steel
plates with and without mill scale. Under test conditions, with the sample
fastened to clean steel the tsample experienced a .80% weight loss.; fastened

Sto steel with mill scale, a 1.92% weight loss was experienced. The differ-
ence in potential measured between weld metal and base metal and between
weld metal and mill scale was 80 my. and 300 my. respectively.

fEnclosure I is a copy of the report of inspection by the Materials
Laboratory, Boston Naval Shipyard. There was no noticeable undercutting
"of the welds on EASTWIND, nor on EDISTO (AGB-2) when inspected in October
1953,

6, PROJECT REVIEW:

In December 1955 the project was reviewedi and the results of not paint-
ing were summarized by the following excerpt from the report of examination
of the underwater body of BASTWIND during the October 1955 drydocking.
The last bottom paint had been applied to E•ASTWIND in Eebruary 1951.

"The hull had the usual clean appearance. There was no fouling and
practically no old paint adhering to the hull. There was a light layer of
red rust caused by atmospheric corrosion since docking. Most of the hull
appeared to be covered with a layer of hard scale about .010" thick. The
pitting appeared to be the same as shown in the photographs taken during
the 1953 docking. There were no extensively pitted areas, nor did the
pitting in the welds appear to have increased since 1952 and 1953. The
weld pitting is not nearly as deep as that first noticed on the WESTWIND
S in 1952".

i i 4
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At that time, it was decided to continue the procedure of not paintingthe underwater bodies of WAGB's as a permanent practice including the
NORTHWIND. It is to be noted that reference is made to deep pitting of the

welds on WESSTWIND being observed as early as 1952.

7. CHRONOLOGICAL SUMMARY OF HULL CONDITIONS :

The following is a chronological summary of the condition and treat-
ment of the underwater hulls of the WAGB's suosequent to 1955.

aI it WeSTWIND.

January 1955, Docking Report, "The reinforcing seam of the under-
water plating completely erroded with pit holes extending approximately 1/8"
into welded seams. Visual examination revealed no abnormal condition.

Corrosion found consisted of scattered areas covering approximately 1/3 of
the underwater plating particularly aft of frame 150. No painting since
1952".

April 1956, Docking Report indicated no change in condition of the

hull. Hull not painted.

Febluary 1957, Docking Report, "Extensive deep selective corrosion
at plating welds noted. Depths up to 3/8" noted".

February 3957, Endorsement to Docking Report, "Hull plating
appears to be satisfactory with no apparent corrosion due to unpainted con-
dition. The shell butts and seams between the load waterline and bilge
keel for the 3/5 length amidships shows extensive pitting and wasting away
of the welds immediately adjacent to shell plates, leaving a slight ridge
of weld material in the middle. Cause of the corrosion is not known butappears to result of dissimilarity between shell plating and weld material.

A metallurgical study of this condition is warranted to develop proper weld-
ed techniques for this type hull. Welds in this area can now be considered
807o efficient".

November 1957, Enclosure 2 is a copy of a trip report regarding in-
spection of WBS'IWIND underwater body.

June 1958, Docking Report, "General corrosion of underwater body
is extensive. Hull welds have been severely attacked but were built up with
a 3/16" crown using 8016 electrodes after chipping down to sound metal. All
welds below 28' waterline were chipped out to sound metal and rewelded."

April 1959, Docking Report, "Hull welds between keel plate and
A strake both side deteriorated throughout length. Keel plate butt welds

g deteriorated. Weld around sea chests deteriorated. Pitting is noted over
entire hull but particularly forward of frame 40 to a maximum depth of 1/4"
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and averaging 1/8" forward of frame 40. Pitting is noted' in way of all old
construction and staging brackets, to a depth of about 1/4". Chipped out

Sto good metal and rewelded about 700 feet of welds as follows: Entire keel
plate seam (port and starboard), all keel plate butts, boundary of B-1 and
B-3 sea chests, and stem plate seams. Height of crown of ield metal 3/16"
above base metal".

May 1959, District Bnd6rsement to April docking report, "Plating
shows pitting to be progressing at an accelerated rate while rewelded seams
show no corrosion except on vertical seams (butts near stein). This is
probably the result of some porosity in these overhead welds."

fJune 1960, Docking Report, "General condition of the underwaterhull shows a large amount of co-rrosion and deterioration of the parentmetal next to the welds. The entire underwater body is covered with a heavy

Sspongy red oxide coating. Under this top layer is a grey oxide coating that
appears to be heavier in the after body regions. Micrometer readings taken
on sections of hull plate removed gives the average thickness of the oxide
coating as o023l" Maximum deterioration of the a ull plating measured was
in the region ns.xt to a weld, which was o/4". Micrometer readings taken on
the port side ?iames 29-39 between the 15-25 waterlines resulted in aver-
age plate thickness of 1.45T". Audio readings were also taken at various
locations over the hull; however readings were somewhat erratic. Maximum
plate deterioration was .178" and minimum.10","

Sm March 1963, Docking Report, "The entire underwater hull is cover-ed with a thick coating of corrosion. The corrosion appears to consist of

three layers. The surface layer is grey, 'brittle and relatively hard
Beneath the grey layer is a heavy, sporgy, red coating. Under the spongy
material the hull is covered with a thin black coating. In general the
grey surface layer is intact only on the after 1/3 of the hull. The rest
of tne hull is covered with the red spongy material. Piteing was noted over
the entire hull. Heaviest concentrations of pitting were noted forward ofFrame 20 P. & S. between the keel and the 14' W.L. All pits are 1/4" to3/8" in depth. Wasting to a depth of 1/4" to 3/8" in way of old construct-
ion and staging brackets in general throughout the underwater hull. Wasted
patches approximate~y 1/4" deep were noted in several locations, particular-
ly on tne forward part of the hull. Hull welds show some deterioration
throughout. Welds in way of old bilge block positions were wasted to depths
of 3/8" to 1/2". Gouged out to solid metal and rewelded approximately 225lineal feet of excessively deteriorated butt and seam welds. All new weldgiven 3/16" crown."

April 1965, Docking Report, "Entire bottom is covered with a lay-
er of surface rust. In some areas, particularly around tne stern counter,
there was a spongy layer of iron oxide about 1/8" thick. Under the surface
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rust and spongy substance there was a thin layer of hard black coating.
There was some pitting forward of frame 20 but no serious deterioration."

May 1965, District Endorsement to April's Docking Report, "The
underwater body is pitted considerably and appears to be progressively
worse than previous drydocking. The welds are now nobler than the hull
plating and deterioration is occuring alongside the welds."

b,. EAST1WIND.

March 1956, Docking Report, "No bottom paint has been applied
since February 1951. Hull plating corroded over 95% of area wiTh pits
as deep as 3/16" especially in weld and where temporary wedging brackets
have been tacked on for plate assembly. No noticeable, increase in cor-
rosion since last drydocking."1

August 1956, Docking Report, reports same conditions.

April 1957, Docking Report, "Bottom 987o-100% corroded. Some welds
show signs of erosion; butts and seams may need building up at next
docking."

October 1957, Docking Report, "Bottom has generally even corrosion
with some pitting particularly at the ends. Welds are generally eroded
slightly below the surface of the plating; but deeper on upper and lower

I' seams of the "C" strake port side."

April 1959, Docking Report, "General plate corrosion most severe
in A, B and C strakes bow to frame 48. Maximum depth about 1/8". Seams
and butts spongy, maximLum depth below plate level about 1/4". Seams and
butts have eroded appearance, following welding bead contours. Plate
corrosion from Frame 48 aft to 120 on A, B and C strakes uniform with
little pitting and few scars. Pitting more general in D strakes. Exten-
sive pitting prevalent aft of frame 120. Depth of pitting approximately
3/16" ."

November 1959, Docking Report indicated same conditions.

August 1960, Docking Report, "Welded seam between A and B strake
is eroded 3/8" deep from frames 50to 125 starboard side. Weaded seam
between B and'C strakes is eroded 3/8" deep near sea chests and 1/4" deep
elsewhere. Welded seams between C and D strakes a~re heavily pitted and
eroded throughout the length of the ship. In general, the horizontal seams
below the waterline show more extensive pitting and erosion than vertical
butts.

7



July 1961, Docking Report indicated no significant change.

January 1962, Docking Report, "All plating below the 20' WL is
eroded and pitted extensively and deeply. As indicated by measurements
around insert in D strake, Portside, Frame 25-27 showing thickness of
1.375" remaining of the 1.525" original plate. All welds in this area
are corroded and porous to a depth of 1/4"-3/8" below the ,plate surface".

ns erJutne 1963, Docking Report, One hundred and fifty audio gauge read-
ings were taken on the starboard side and 50 were taxen on the port side.
These readings showed the corrosion at the operating waterline (D strake)

averaged about 177o of the original plate thickness whereas the corrosion
of the A, B and C strakes was on the order of 10,to 14%. Corrosion of
the welds below the 25' WL was such that the weld surface was from 1/8"
to 1/2" below the plate surface.

At this docking 2415' of plating weld was either arc-gouged or
chipped out to good metal and rewelded. The areas covered,:

(a) From keel to 21' WL, bow to frame 43
(b) From keel to 23' WL, frame 43 to0 3 1/2
(c) Fxom keel to 25' WL, frame 83 1/2:to 166 1/2

Radiographing of various locations showed no defects or differ-
ences in the weld where arc-gouging has been used in lieu of chipping.

An experimental coating system was applied to the hull under-
water body at this docking. Thehull had been unpainted since February,T "1951. The hull was prepared using a dry sandblast to give a commercial
blast. The hull was thsn coated up to the top of the boottopping
area as follows:

1. From midships forward, starboard, one coat of "CATHA-
COAT", Formula 300 and one coat of Curing Solution.

S Formula 303. 2. From midships forward port, one coat of 'CA1hACOAT",

3. From midships aft, port and starboard, one coat of
"CAUMCOAT" Formula 302.

In additi6n the boottopping was painted with "DEVRAN' 201 and 209.

The foregoing was accomplished as part of ETD Project J20-1/2-31
"Zinc Silicate Paints WAGB's".

18
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c. NORTMWIND

YE March 1956, Docking Report, "Moderate corrosion where bilge keels
Cwere removed."

I reo October 1956, Docking Report, "Moderate corrosion where bilge keels| removed. Corrosion over entire hull has increased considerably since lasý

undocking. Underwater body painting is recommended".

October 1956, District Endorsement to Docking Report, "The remarks
concerning corrosion of underwater body and painting thereof to possibly
prevenc iurhter active corrosion in isolated pitted areas are not agreed
with ..... "

February 1957, Docking Report, "Corrosion over entire hull as
noted in October 1956 docking report. Hull shows an increase in corrosion
over last docking. Underwater body has not been painted for last five
dockings. Painting recommended at future docking."

November 1957, Docking Report, The following reference check spots
were reported:

(1) Stb'd side, 6" up from keel weld, first butt weld aft of bow
tube, weld in perfect shape, bead 5/32" above plating surface.

(2) Stb'd side, 20" up from keel weld, third butt weld from bow,
pit 6/32" below plating.

(3) Stb'd side, 6' up from keel weld, 5th butt weld from bow, pit
1/4" below plating.

(4) Stb'd side, 2nd weld up from keel, 16" forward of stern frame
good bead 6/32" high.

(5) Portside, 8' from keel 5th butt weld from bow, pit 6/32" below
platirg .

November 1957, Enclosure 4 is a copy of trip report covering inspection
by headquarters personnel of same docking.

At this docking NOTHWIND was given a complete bottom paint job. Photos
#22-28 show bottom prior to painting and Photos 29-33 after painting.

November 1958, Docking Report indicated 90% of AF paint remained. Days
underway 58. Exposed area showed light corrosion.

9I



June 1959, Docking Report indicated no AF paint remaining 60% of
hull exposed to bare metal. Minor etching of hull plating throughout after
underwater body. Areas of welding during construction appear to have cor-
roded the worst.

March 1961, Docking Report, "Extensive pitting forward of port
stern tube bossing. Not severe but should be inspected at all future dock-
ings. Weld seams in after body pitted and corroded. Some pits 1/8" to
1/4tt deep.

March 1963, Docking Report indicated same condition as existed in

March 1961.

Mc 1March 1964, Docking Report indicates no change in condition.

8. SUMMARY:

For the WBSTWIND there is no record prior to 1952 as to the type of
maintenance performed on the underwater body. The ship was beginning to
show signs of deep pitting of plating and corrosion of the welds as early
as 1952. The welds became progressively poorer until in 1958 it was
necessary to commence a program of renewing the welds. Audio gauge read-
ings taken in 1960 show the maximum pla te deterioration to be .178". In
1959, an impressed current cathodic protection system was placed-in ope-
ration aboard the WESTWIND during inport periods.

Prior to 1952, the EASTWIND had received routine bottom painting and
at that time showed moderate corrosion with a few isolated deep pits partic-
ularly in the welds. These conditions remained relatively constant until
1957 when an increase in weld corrosion was reported. By 1959 the weld
corrosion had progressed to the point that the welds were below the level
of the shell plating by about 1/81" to 1/4". By 1962, the welds were cor-
roded to a depth of 1/4" to 3/81" and shell plating showed losses as high as
.250". In 1963, all welds below 21' W.L. were renewed and bottom painted
with inorganic zinc silicate.

The NOkMhWIND received routine bottom painting until 1954 and at
that time moderate corrosion was reported. In 1957, based upon what appear-
ed to be an increase in corrosion rate, the bottom was again painted. The

I 3 bottom corrosion remained approximately the same until 1961 when some
pitting in way of the welds was noted. This condition has remained con-
stant to date.

I 3 9. CONCLUSIONS:

a. The corrosion rate experienced is in excess of that predicted by
the theory presented in 1952. Theory said the corrosion rate would be .005
inches per year and pitting would be at a rate of .015 inches per year. If

*l1
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it is assurmed that no protection has been provided over the life of these
ships (20 years), the z,,axirau, general plate loss should not have exceeded
.100 inches and pitting should not exceed .300 inches. The WESIWIND re-
ported general plate losses as high as .178 inches in 1960 And the EAST-

WIND, .250 inches in 1963. Pits on all ships have been reported as high
as .37: inches. (Note: This does not wean theory is wrong, but rather
not all aspects of corrosion theory was considered.

The .005 inches per year rate is for steel in still or very slow
moving water under natural conditions in the absence of a galvanic cell.
There are a number of factors which can increase this rate considerably;
at a water velocity of 10 fps the rate can be as high as 0.04 inches per
year; a considerable amount of mill scale will cause pitting rates as
high as 0.25 incJ-,s per year; increase in temperature will also increase
the corrosion rate (e.g., the corrosion rate will be doubled by an in-
crease in temperature from 500 to 800F); steel suffers galvanic attack
when in metallic contact with all copper alloys, nickel alloys, and stain-
less steel; and turbulence will increase the corrosion rate. Since all
these conditions have existed during the life of these ships the higher
corrosion rate is not ui.usual. Based upon measured losses, the corrosion
rate varies between .013 and .022 inches depending ul i. the amount of
protection assumed during the early life of the ships prior to 1952.

b. Standard bottom paints will not withstand ice operations. Ex-
ample of this is the NORTHWIND, which received a complete oottom paint
job in December 1952, five months later in May 1953 only 10 per cent of
the bottom paint remained in way of the keel and under the stern tubes.
Thus the amount of protection afforded by bottom paints will depend
upon the time of application, i. e., if applied just before the ice
"operation and the ship is not docked immediately following very little
protection w.l be afforded. On the other hand if painting is accomplish-
ed immediately followino -acJ- *-- operation, considerable protection will
be afforded.

c. That fouling is not a problem as far as icebreaker performance
• I is concerned.

d. The plate butt and seam welds are the most susceptible areas to
corrosion attack. The procedure of chipping out cr arc-gouging and re-
welding provides temporary corrective action but is not permanent.

10. POSSIBLE SOLUTIONS:

a. No painting. Continue leaving the hull unpainted. If this pro-
cedure is followed, an additional ten year life will result in additional

~ plate losses at the operating waterline of between .130 and .220 inches
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or a total loss of between 23 and 29 per cent. If an additional 15-year
life is planned, the total loss would be between 27 and 36 per cent. In
addition, it can be anticipated that the hulls will have to have the welds
renewed at least once.

b. Painting (Anti Corrosive). Commence painting the underwater
body using the standard bottom paint system exclusive of the antifouling
paint on an annual basis. The painting is to be scheduled immediately follow-
ing ice operations. Depending upon the extent of the ice operations thisL could provide as high as 807o protection. This would mean an annual drydocking
with an estimated annual cost of $10,000 to $13,000 for sandblasting and
$4,000 to $6,000 for painting. In off years, when drydocking for repair is
not scheduled, there would be the additional cost of drydocking $6,000 to
$7,000 and lay day costs. This would mean an average annual cost of
$20,000.

Sc. Painting (Zinc Silicate). Commence painting the underwater
body using inorganic zinc silicate coatings. Although these paints are
susceptible to abrasive damage by the ice they will provide some pro-
tection aue to their sacrificial nature, since the coating is anodic with

r respect to the base metal. Trial applications of this type coatings have
been made on ATKA (AGB-3) by the Navy and on EASIWIND.

L In the case of ATKA the application was made in January 1961
and inspected in February 1963. This application consisted of sandblast-
ing to a "clean commercial dry sandblast" applying the zinc silicate coating

UL and overcoating with one coat of Formula 117 (Pretreatment Wash Primer)
"followed by 2 coats of Formula 119 (Vinyl Red Lead). Inspection in 1963
showed the adhesion of the vinyl to be fair; adhesion of the zinc silicate
to be good except that forward the zinc silicate had been abraded away.
Areas where the overcoat was missing the zinc silicate showed a reduction
in thickness (This is to be expected since it would be sacrificing to the

Si bare steel).

EASIWIND was coated witn three different systems of inorganic
zinc silicate "CATHACOAT" 300, 302 and 303" in June 1963. These systems
were given no overcoat and were applied over a "commercial sandblast".
Inspection in June 1965 revealed little or no residual zinc coating re-
maining. However corrosion was described a light general rusting.

11Although the paint system of ATKA appeared to be in better con-
dition after the two year period, it'is doubtful that the corrosion
protection provided the hull was much greater than that afforded EASIWIND.

At the present time it would appear that painting with an inor-
ganic zinc silicate system could be carried out on a biannual basis; particularly

12



VAR if the docking and painting is scheduled immediately following the second
year's ice operation.

The cost for this system would be $10,000-$13,000 for biannual
sandblasting, $7,000-$9,000 for zinc silicate application and $4,000 to
$6,000 for overcoating if used. This would mean an average annual costof $10,000 if zinc silicate only is used, $12,500 if overcoating is used.

The disadvantage of this system is the problems associated with
application. The surface preparation as a minimum must be "clean com-
mercial dry sandblast". No inhibitor or wash primer can be used to hold
the prepared surface and the coating must be applied under dry conditions.

d. Cathodic Protection (Passive Installed) Hull attached anodes
while feasible have the disadvantage of the hull attachment problem and
current distribution , i.e. high current densities adjacent to the anodes
but little protection at remote locations. The Canadian's achieved limit-

" ed success on LABRADOR using a large number of magnesium anodes attached
to the hull in way of the keel line in conjunction with anticorrosive hullSpainting. In the test application 30 (3" x 10" x 60") anodes were
attached to the keel plus anodes installed in the ice chests. Inspection
after 'one year of operation showed very little paint remaining and the
condition of the hull depended upon the distance from the anodes. Based
upon this test the National Research Establishment recommended that 50
anodes be installed, the hull be painted with anticorrosive and ice chests
be fitted with anodes. This system would mean an average annual cost ofh approximately $26,000. Twenty thousand dollars for painting and $6,000
for anodes. The protection provided would be on the order 90 to 95%.

The part played by the paint may be questioned because of pre-
vious statements that paint will be removed by the ice. The reason for
paint is that it will allow the hull to be rapidly polarized after un-
docking and the combination will provide the best protection until the
paint is removed.

e. Cathodic Protection (Active Installed) This is not con-
sidered feasible since the hull must be penetrated to fit the active
anodes. In addition, the need for anode shielding would present a
problem in ice operation.

f. Cathodic Protection (Active Non-installed) An impressed
current graphite anode system has been used by WESTWIND since 1959.
This system consists basically of sixteen (8 each side) 3" by 60"
graphite anodes weighing 25 pounds suspended over the side. The sys-I tem is fed required current by two installed rectifiers. When the
system was initially placed in operation the hull potential measured
with reference to a silver -- silver chloride cell was on an average

13
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-850.jiv. A potential of -840 my will normally afford 100% protection. The
amount of protection afforded by the system will depend upon the amount of time
it is used (inport only) and proper use. The initial cost of the WESTWIND
system is 1959 was approximately $4,000. The power consumption is approximate-
ly 4 Kilowatts.

The system has the disadvantage of requiring care in mooring since
the anode must be suspended over the side and it will not provide protection
when underway.

nr
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Sc/o/ply

kkMaterials laboratory 1964 5

MEMORANDUM FOR FILES

Subj: USCG EASTW = Condition of Underwater Hull-Corrosion as of
This Date

TI. On 15 July, 19539 Messrs. Lutta and Sadler of the Materials
laboratory inspected the underwater hull of the USCG EASTWIND in Dry
Dock #4, South Bostono

o2. The purpose of the inspection wee to observe:

(a) Whether the electrically deposited welds joining the hull
plating were corroded and eaten a:ay below the level of the
surrounding plates°,

(b) Whether mill scale was present on the hull plates.

3. Prompting this inspection was a problem which had been assigned
Sthe laboratory in connection with the USS ATKA where its electrically

deposited weld metal joining the hull plating was found corroded and
eaten away up to 1/40' below the level of the surrounding hull plating.
According to Paul Ffield, in an article presented before the Naval
Architects, attack of weld metal can be caused by the presence of
mill scale on the surrounding pla4tingo

4. Unfortunately the laboratory did not determd*e whether the hull

plating of the AT•A carried mill scale as the vessel left the ship-
yard before this point was established, It was thought that thefindings in the app* of the EASTWIND might be significant particularly
if the two vesslle vez constructed at the sae Shipyard. However,
the laboratory did take samples from the weld metal of the USS ATKA
and from the HoT. steel shall plating and is attempting to duplicate
with these samples the conditions of corrosion noted0

50 The results of the present inspection on the EASTWIND may be
summarized as follows:

(a) The electrically deposited welde joining the hull plates are
not corroded and eaten &way below the level of the surround-

I 3ing hull plating0  There in occasional spotty needlelike
attack in these welds, a condition not yet serious.

*1



I (b) No mill scale was present on the hull plating with the ex.
4C*ption that the exposed flat keel, 18,, wide, showed some
mill scale. To confirm this latter obaervation, a small
quantity of the scale was loosened by means of tapping by a
havmer° These particles were strongly magnetic and readily
picked up using a small magnet, indicating magnetic iron ox-
ide.

(c) The hull plating which appears absolutely free from mill
scale may have been pickled before constructing the vessel.
The hull plating now shows 25% of its area protected in greater
or leaser degree by paint. The exposed and bare areas of the
hull plating are uniformly colored with red rust0  A slight
amount of needlelike pitting in the bare plating, inconsequent-
ial in effect, was observed. Areas at which clips were welded
and subsequently removed were corroded to a depth from 1/81to l/4,"o

S6 The impression was gained that overall condition of the bare
portions of the hull was satisfactory and that continuance of bare

hull status without paint protection was justified.

7. As to the help gained from this inspection in solving the ATKA
problem, the present status is that here is an icebreaker free from all
mill scale and largely free from paint with intact welds free from
corrosion and undercutting. The obvious next step is to examine the
ATKA upon her rescale on her underwater plating, thereby meeting the con-

2" • • ditions stated by Ffield as common cause for corrosion and eating away
"of welds0

C. G. Lutts,
Materials Engineer0
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~AE4W~U~hENE-2Chiefg Shipbuilding and Maintenance Branch 1 November 195?

WAGB Type Desk

STrip report visit to the WESTWIND (WAGB 281) for conference re hull
weld corrosion

S 1. Places visited -= VUSTWIND located in graving dock at Keystone Dry Dock and

Ship Repair Company, Philadelphia, Pennsylvania. 30 October 1957.

If 2. Persons contacted:

Dr. T. P. May, International Nickel Company
Commander Do Hunt, USN, Bureau of Ships, Code 537
Mr. Co A. Loomis, Bureau of Ships, Code 597
Mr. 1. D. Geasow, Bureau of Ships, Code 533F
Mr0 Lo Mo Waldron, Naval Research laboratorn
Mr. Ho D. Peterson, Naval Research laboratory
Commander Shultz, Philadelphia Naval Shipyard
Mr. E. Franks, Philadelphia .Naval Shipyardq Material Test laboratoryMr. J. OFConnors Philadelphia Naval Shipyard, Material Test laboratory

Mr. Thomas Grasson, Third Coast Guard District
Captain V. C. Gibson, Third Coast Guard District
Captain Wo Jo Conley, Commanding Offivoer, WESTWIND
Lieutenant Commander R. E. Williams, Testing arftDevelopment

3. The above party visually inspected the hull of the WESTWIND with particular
regard to the cozrosion which has attacked the welded joints in the underwater
body. The deposited metal of all these welds has corroded away so that a groove
exists along the joints0 The depth varies somewhat from point to point over the
surface of the hull; the seam between C and D strakes appears slightly deeper
than other welds with depths of the order of 3/8 inch observed. The forward and
midship areas of the underwater body appear somewhat worse than the after section

S~ of the ship. The surface of the deposited weld metal rem aining has a pitted or
spongy appearance. Small areas of scale, believed to be mill scale in the in-
spection groupq were observed on A strake plates about frame 30 P&S and frame

i150 S. Moderate pitting has occurred".in these areas, particularly about frame
30 S. The plating of this hull is HTS, Navy Department Specification 48-S-59
grade HT. Specified analysis is,*

Carbon -. 20 maximum
Manganese .- 1.50 maximum
Phoophoru •- .04 maxunum

3 Sulphur - .05 maximum
Silicon .15 - .35
Copper .35 maximum
Nickel .2,5 maximum
Titanium . .005 minimum

! 1
Ir



WAGB Type Desk to ENE-2 i
X w, i l puu"uing anQ 2rkintenance Branch i November 1957

The welding was with mild steel rods under Bureau of Ships Specification
46.3 (INT), (AWs E 6o0o).
4. A general discussion followed with the following main points being made:

a. The corrosion is considered the result of galvanic action due to
dissimilarity between weld metal and base plate. Although the weld is probably
only slightly anodic to the base material, the area of the weld is so small in
comparison to the plate area that a rather concentrated attack results. The
absence e.l mint has permitted direct exposure of both electrodes to the elec-
trolite -ugs dccelerating the action.

The presence or small areas of mill scale indicates that the plating
w9s not de-scaled during construction of the vessel. Electrolytic action due

: to mill scale probably resulted in some damage to plate and weld material during
early life of the ship. At this point insufficient scale remains to be a major
factor. (Subsequent checking indicates that plating wR. pickled and flame scaled
during construction of the vessel). The roughness of the surface of the weld is
probably causing turbulence which is accelerating the corrosion.

b. Survey of the depth of the corroded grooves along the welds should be
T made with careful attention given to recording exact location measurements are

made no that checks con be made at same points later0  Use of a needle pointed
depth micrometer was considered adequate for this purpose. Audio gauge or drill

Stesting of plate areas away from weld was also suggested. The depth of the
weld affected by the pitting or honeycombing can be definitely determined only
by grinding out to soumd metal. Bureau of Ships, Code 537, representatives felt
that this might be appreciable and that the present weld surface presents a

f T notch effect which also is a factor in reducing the strength of the welds. They
E considered that these factors combined with the loss of metal which has occurred

are sufficient to definitely indicate repairs at Zirst opportunity.

I� c0  Satisfactory repair of the deteriorated joints can be obtained by the
following procedure:.

Grind out the surface of the grooves until sound metal is reached, re-
moving all spongy or "honeycombed" material.

Vipualn7_sj©et the prepared surface for cracks. Any cracks detected
would be repaired in accordance with standard practice. Using a cladding
technique (no weaving permitted) and a wandering sequence, build up the welds

l with type NIL 8016 rods under specification MIL-E-18038A. (This is a low hydro-
gen. nominal 1% nickel rod). Plating should be hand warm (600-70°F.) before
welding, preferably due to ambient temperatures but torches may be used if
Sneceasai7o

d. It was recommended by Dr, Nay that test sections of repair be done at
this time with the NIL 8016 rod and also with NIL 10015 rod (low hydrogen,
nominal 1.60% nickel)° The objective in using the alloy rod is to insure that

I the deposited metal is slightly cathodic to the base plate so that galvanic
action of the type experienced with the mild steel weld material will not recur.i It is estimated that the 8016 rod has sufficient alloying elemente to accomplish
this objective, but a trial of the two rods will provide a checko..s

2



WAGB Type Desk to M-~'2
Chief, Shipbuilding and Mkintenance Branch 1 November 1957

e. Some type of protection from corrosion should be provided for the hull
of these ships. The type of protection which should be used is largely a
question of operating schedule and economics. Two systems are available - paint

S and cathodicr protection. Cathodic proteotbn of either sacrificial anode or
impressed current types properly designed using available standarde, information
and equipment should produce satisfactory results without paint. A sacrificial

~ anode system would require a considerable number of fairly large anodes if full
protection of an unpainted hull is to be obtained. An impressed current system
would require four or six anodes, plus current vource and associated wiringo If
the hull were painted the anode requirement wouid be considerably reduced, The

S question of paint should be seriously considered if operating schedules demand
only one trip into the ice per year. Cathodic protection equipment would nec-
essarily be of the suspended anode type, since hull attached anodes would be

T knocked off in the ice, Protection could not be afforded while in ice ope-
rations, and would probably not be practical when underway otherwise. Complete
protection could be obtained when not underway. An impressed current system

l (ould build up a calcareous coating which might afford protection for a short
time after cvirrent is out off, but this time is considered too short to be a
factor in determining the type of protection to be installed.

5. Bureau of Ships representatives indicated that a written report of their
opinions on this hull will be furnished.

6. Following actions are underway concerning this matter:

a. Approximately 150 feet of seam welding forward is to be repaired dt-Ing
i current drydocking. Above procedure will be used and the two diffezent rods

recommended above will be employed. This work is being done with remaining
funds set up for current availability.

I- b. A depth gaum survey of selected welds will be conducted by the ships
officars, carefully recording locations, etc. Records will be attached to
dockifig report.

c. Audio gauge re4dings of selected plates will be made and recorded as
above. These readings are designed to check the average overall reductions
in plating thickness forwoomparison with earlier estimates. There are some

S indications that these estimates are considerably in error. For example, two
weld beads, belised made last year with stainless rod in connection with
bilge keel repaires now stand out from the hull in such manner as to.'make it
appear that considerable reduction in thickness of the plate has occurred since
the weld was made. Some check on this overall reduction is desir•ed.

ELLIS L. PERRY

ICopy to:
D.T. P. May

ETD Station 5-6
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ENCLOURE (3)

ETD
FL CGTD J20/2-2
FILE 29 November 1957

LCDR R. E. Wis,-.

NORTHUWIN hull inspection of

Ref: (a) CDR Perry (MNE) Report of 1 Nov 1957 re: WESTWIND

I j 1o On 21 hovember NORTAWfID's hull was visually inspected by CDR E. L. Perry
(ErZ) and LCDR R. E. Williams (ETD), with particular attention of inspection
being focused upon the condition of the underwater body welds. Comparison was
made between NORTHWIND's condition and WESTWIND's condition as reported in
reference (a).

2o Plating: Red rust covered the entire underwater body. A black scale was
observed over the midship body between the 15' waterline and keel, both sides.
Pitting of the plates was slight and spotty with no particular pattern apparent.

3. Welds: The deposited metal of the welds is beginning to corrode away in
the same manner as has the WESTWIND's. This corrosion appears to be progressive
with the most severe attack being at the bow below the 151 waterline. Traveling

T aft the degree of corrosion attack lessens until it tapers out at about frame
110. Similarly, traveling upward the visible corrosion attack lessens and
tapers out at about the 20' waterline. At the 15' waterline, forwerd of midship's

I the reinforcing bead has disappeared and groov..ng has started. Below the 15'
waterline, forward, grooving is more pronounced and is to about 3/16" maximum in
depth. It is felt that the NORTHWIND would approach the WESTWIND=s present

L I condition if left unpainted for another three years.

4• The shil 's personnel were requested to take depth gauge readings of the welds,
height readings of good welds and supporting photogrephso Polaroid camera photo-
graphs taken by Headquarters' representatives are in CDR Perry's possession. The

S ship is being pa-inted in the cold plastic system. The docking cost for labor
and materials is approximately $7,,500,

Copy• to: R. E. WILLIAMS
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